Starches from four processing type potato varieties, cultivated in two locations in
Introduction
Potato (Solanum tuberosum L.), 4 th most cultivated crop in the world, is mainly utilized by the food industry, for fresh consumption and processing into chips, frozen products and starch.
In Japan, 60% of annual production is utilized by processing industry, while around 22% of Hokkaido potato production is annually used for potato crisp and frozen potato product processing (GAIN, 2010 ).
Starch being the major component of potato dry matter, the characteristics of potato products such as crisps and French fries are determined by cooking, pasting and rheological characteristics of starch (Miranda and Aguilera, 2006) . For example, French fries with crispy crust were produced from tubers with high starch content (Dupont et al., 1992) . Cooking, textural, rheological and pasting properties of potato starch are correlated with physicochemical properties such as granule size, granule size distribution, amylose/amylopectin ratio and phosphorous content (Wiesenborn et al., 1994; Kaur et al., 2002a; Kaur et al., 2002b) .
Furthermore, lower pasting temperature and higher swelling power of potato starch is attributed to extensive phosphorylation of amylopectin molecules (Kaur et al., 2002b) . Characteristics of starch granule such as higher degree of crystallinity, higher percentage of small granules and presence of phosphate mono esters increase the gelatinization transition temperatures, and presence of irregular or cuboidal shaped large granules increases the enthalpy of gelatinization (Krueger et al., 1987; Yuan et al., 1993; Singh and Singh, 2001 ).
Physicochemical properties of potato starch are considered to be a cumulative effect of the geno type and the conditions of growing location (Kaur et al., 2002b) . Significant variations are reported in pasting behavior and rheological properties of pastes and gels made from starches from various potato varieties (Wiesenborn et al., 1994 ; Hopkins and Gormley, 2000) , while Kaur et al. (2007) attributed the variations observed in amylose content, pasting properties and thermal properties, to differences in variety and growing location. Liu et al. (2003) reported that regions with low temperature, resulted in starches with higher granule size, lower pasting and transition temperatures and Noda et al. (2004a) stated that later harvest dates are found to be enhancing the phosphorous content in starches.
It is a clear fact that physicochemical properties of potato starch are subjected to considerable variations depending on the variety and locational differences. Thus, the aim of this study was directed to determine the effects of variety and growing locations on the physicochemical properties of four processing type potato varieties cultivated in two different growing locations in Hokkaido.
Materials and Methods
Materials Four varieties of potato, two early varieties, Andover and Toyoshiro and two late varieties, Snowden and Kitahime, were cultivated in two locations, Tokachi and Kamikawa in Hokkaido prefecture of Japan in 2013.
Starch isolation All samples were subjected to starch extraction immediately after their respective harvest dates. One kilogram of peeled potato was ground using a laboratory scale blender in 10 L of deionized water. The starch slurry was sieved using a series of parallel sieves with aperture sizes of 710, 106 and 75 µm, respectively and allowed to stand still for 2 h. After filtering using a glass filter (26G2, Asahi Glass Co. Ltd.), approximately 3 L of deionized water was added to the residue and allowed to stand for 6 h while stirring using a magnetic stirrer. Followed by filtering, 3 L of deionized water was added and stirred for another 2 h. This was repeated twice before the crude starch was separated. The isolated starch was oven dried at a temperature of 55℃ for 4.5 h.
Dried starch was ground, sieved through a sieve with an aperture size of 106 µm and stored in air tight plastic containers at 4℃ until further analysis. Prior to further analysis moisture content was measured according to AOAC method at 135℃ (AOAC, 2000) .
Amylose content Amylose content of the isolated starch samples were measured according to the procedure by Yun and Matheson (1990) Particle size and particle size distribution Starch particle size and particle size distribution was determined using a compact laser diffraction particle size analyzer (LA-300, Horiba Instruments Co.
Ltd.).
Swelling power and Solubility Swelling power and solubility of the isolated starches were determined using 0.4% dry weight basis (dwb) aqueous suspensions of starch employing the method by Yousif et al. (2012) with slight modifications. Starch solutions were heated to 70℃ for 30 min in a water bath and cooled to 10℃
for 20 min before centrifuged at 3000 g and subjected to gravimetric measurement.
Pasting properties
The pasting properties of the starch samples were measured using a rapid visco analyzer (RVA-4, Newport Scientific Pvt. Ltd.). A 6% dwb aqueous suspension of starch was analyzed in triplicates for peak, breakdown, final viscosities and pasting temperature using the method described by Singh et al. (2006) . 
Thermal properties

Results and Discussion
Physicochemical properties Table 1 summarizes the physicochemical properties of four potato starches grown in Tokachi and Kamikawa. Amylose contents of the starches varied between 18.5 and 23.0% dwb, being in well accordance with the previous reports (Kaur et al., 2007; Gomand et al., 2010; Waterschoot et al., 2014 The results obtained are comparable with the results reported previously (Wiesenborn et al., 1994; Noda et al., 2007) . For all four varieties, phosphorous content was reported higher in Kamikawa compared to their counterparts in Tokachi, which is due to the higher availability of phosphorous in Kamikawa soil compared to volcanic ash soil in Tokachi, which has a higher phosphorus binding ability, making phosphorous less available for crops (Shoji and Takahashi, 2002) . The late variety class, Snowden and Kitahime, in both locations showed a significantly higher phosphorous content compared to the early variety class, which is in accordance with the conclusions by Noda et al. (2004a) , and Madsen and Christensen (1996) . Starch granule size distribution followed the characteristic normal distribution pattern of potato starch for all varieties in both locations (data not shown) and the average granule size of starch from the four varieties ranged between 39.4 and 47.3 µm as in Table 1 . Snowden reported the smallest average granule size while Kitahime possessed the largest. The results are comparable with the results reported by Noda et al. (2004b) . The average granule size of the starches from the late variety class in both locations, showed a significantly higher granule size compared to the early variety class, except for Snowden in Tokachi, which is in well accordance with the previous reports by Noda et al. (2004a) .
Swelling power of starches from both locations ranged between 59.8 and 80.1 g/g dwb as shown in Table 1 , which is in well accordance with the findings of Gomand et al. (2010) . Andover in Kamikawa showed the lowest swelling power while Andover in Tokachi possessed the highest. Further, the swelling power was higher for the varieties harvested from Kamikawa compared to their counterparts in Tokachi and also higher for Snowden and Kitahime in Kamikawa, which can be attributed to the higher phosphorous content. As higher phosphorous content in Kamikawa and in late varieties, causes extensive hydration of the granules, it may lead to higher swelling power (Kaur et al., 2007) .
Solubility values of the starches in this study varied between 23.7 and 38.7% dwb as in Table 1 . The results obtained were comparable with the results reported by Kaur et al. (2007) . (Singh and Singh, 2001; Kaur et al., 2007) . Table 2 presents the pasting properties of the starches and peak viscosity ranged between 4168 and 7399 cP, which is in well accordance with Kaur et al. (2007) and Waterschoot et al. (2014) . Kitahime reported the highest and Andover reported the lowest value for peak viscosity, while starches isolated from Kamikawa possessed higher values for peak viscosity compared to starches from Tokachi. Breakdown viscosity values for the four varieties in the two locations ranged between 2490 and 5277 cP, where in both locations, Kitahime reported the highest value. Higher breakdown is attributed to the enhanced shear force sensitivity and disintegration resulted by the extensively swollen granules (Kaur et al., 2007) . On the other hand, Andover in Kamikawa and Toyoshiro in Tokachi had the lowest breakdown viscosities of 2490 and 2850 cP, respectively and these two accounted for the lowest phosphorous contents in the respective locations. In addition, the late varieties are considered to possess enhanced peak and breakdown viscosities according to Noda et al. (2004a) , which is confirmed by the comparable observations in Kamikawa in this study. Pasting temperature ranged between 66 and 69℃ in this study, standing comparable with the results reported by Noda et al. (2004a) and Kaur et al. (2007) .
Solubility of starches among the four varieties was not significantly
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Thermal properties Thermal properties of the four starches are presented in Table 3 . T 0 varied between 59.6 and 63.4℃, which is in accordance with the results published by Waterschoot et al. (2014) . Among the four varieties, Kitahime reported the highest and Snowden the lowest value for T 0 , while significantly higher values for T 0 were observed in Kamikawa, compared to their counterparts in Tokachi ( p ˂ 0.05), except for Toyoshiro. T 0 resembles the initiation of internal structural disordering, which depends on the stability of the amorphous and crystalline regions of starch (Lim et al., 2001; Chung et al., 2014) . Higher T 0 observed for Kitahime variety and starches isolated from Kamikawa, might indicate the presence of more stable amorphous regions and more ordered crystalline regions in starch granules.
T P varied between 62.6 and 66.6℃, which is in well accordance with the results by Waterschoot et al. (2014) . Toyoshiro in Kamikawa reported the lowest while Kitahime in both locations reported the highest value for T P . Cottrell et al. (1995) and Chung et al. (2014) reported that the differences in varietal characteristics among starches and growing locations are considered to exert an impact on T P . T P is considered to reflect the stability of the crystalline regions upon structural breakdown during gelatinization (Alvani et al., 2011) . Thus, the higher values obtained for T P, might be due to higher stability of crystalline areas in starch granules.
Results obtained for T C varied between 68.1 and 73.0℃, being Waterschoot et al. (2014) .
Andover reported the highest value and Toyoshiro reported the lowest value for T C among the four varieties. The varieties in Kamikawa reported higher T C values, compared to that of Tokachi.
Native crystalline structure of potato starch is considered to be the main determinant of T 0 , T P and T C (Parada and Aguilera, 2012), as Abbreviations: AD, Andover; TS, Toyoshiro; SD, Snowden; KH, Kitahime; T 0 , initiation temperature; T P , p eak temperature; T C , conclusion temperature; ∆H, gelatinization enthalpy (dwb) Values within each column with different superscript letters are significantly different at p ˂ 0.05. Values with *superscript are significantly higher than the corresponding location at p ˂ 0.05. Table 3 . Thermal properties of starch from four different potato varieties grown in two locations in Hokkaido Up p er value-Tokachi, Lower value-Kamikawa Abbreviations: AM , amylose content; P, phosp horous content; PV, peak viscosity ; BDV, breakdown viscosity ; FV, final viscosity ; SBV, setback viscosity ; PT, pasting temperature; T 0 , initiation temperature; T P , peak temperature; T C , conclusion temperature; ∆H , gelatinization enthalp y ; SP, swelling power; S, solubility ; AVG, average granule size *significant at 0.05 level and **significant at 0.01 level. degree of crystallinity in starch granules provides structural stability, and resistance against disordering of internal molecular organization by heating (Barichello et al., 1991) .
∆H is the energy requirement for the physical state transformation during gelatinization, due to the loss of double helical structure in starch and thus an overall measure of quality and quantity of crystallites (Singh et al. 2006; Kaur et al. 2007) .
∆H for the current study varied between 17.7 and 19.1 J/g dwb as in Table 3 . The highest value for ∆H was reported by Kitahime and the lowest by Toyoshiro. Values of ∆H for Andover and Kitahime from Tokachi were significantly higher compared to Kamikawa ( p ˂ 0.05), which resemble the presence of higher content of stable internal granule structures in Kitahime and Andover in Tokachi.
Pearson's correlation for starch properties Pearson's correlation coefficients for physicochemical properties are summarized in Table 4 . Amylose content was positively correlated with average granule size in Tokachi (r = 0.993, p ˂ 0.01), comparable with Geddes et al. (1965) and Kaur et al. (2004a) .
Higher swelling power resulted, due to extensive hydration of granules, can be attributed to the significantly positive correlation between swelling power and phosphorous content in Kamikawa (r = 0.970, p ˂ 0.05), which is in accordance with Kaur et al. 
